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0DULDQWKL/HRQ5LFKDUG/DLQJ-DNH/RYHGD\'DYLG0F&OHDQ6DQG\%HDWWLH
$EVWUDFW7KLVSDSHULVIRFXVLQJRQWKHORFDOVWUDWHJLFGHYHORSPHQWSODQIRUWKHFLW\
RI$EHUGHHQ8.DQGH[DPLQHVWKHLQLWLDWLRQRIDSSO\LQJDUHJHQHUDWLRQSODQWRWKH
FLW\FHQWUH)RUWKDWSXUSRVH$EHUGHHQ&LW\&RXQFLOFRPPLVVLRQHG5REHUW*RUGRQ
8QLYHUVLW\ WR GHYHORS D ' DVEXLOW PRGHO RI WKH FLW\ FHQWUH 7KH UHVHDUFKHUV
GHYHORSHG D QRYHO SURFHVV WR WDFNOH GDWD DFTXLVLWLRQ IRU XUEDQ VFDOH DVEXLOW
YLVXDOLVDWLRQVWKDWZRXOGDIWHUZDUGVSURPRWHVWDNHKROGHUV
FROODERUDWLRQ$ZRUNIORZ
ZDVGHYHORSHGDQGWHVWHGZLWKWKHDLPWRSURYLGHQRWRQO\JHRPHWULFDFFXUDWHGDWD
RIWKHFXUUHQWVWDWHEXWDOVRPHWDGDWDLQUHODWLRQWRKLVWRULFDQGIXWXUHDSSOLFDWLRQV
7HUUHVWULDO /L'$5 V\VWHPV ZHUH HPSOR\HG DQG UDSLGO\ DGYDQFLQJ KDUGZDUH DQG
VRIWZDUHZDVWHVWHGHYDOXDWHGDQGXWLOLVHG
7KLVSURMHFWDLPVWRKDYHDQLPSDFWWRWKH'GDWDDFTXLVLWLRQLQUHODWLRQWRXUEDQ
VFDOHSURMHFWV WKDWDSSO\7HUUHVWULDO/DVHU6FDQQLQJWHFKQRORJLHV)XUWKHUPRUH WKH
VXJJHVWHG ZRUNIORZ FDQ EH JHQHUDOLVHG IRU WKH SURGXFWLRQ RI XUEDQ VFDOH DVEXLOW
PRGHOV IRU WKH SXUSRVHV RI GHVLJQ DQG SODQQLQJ GHFLVLRQPDNLQJ DQG GHOLYHU\ RI
VXVWDLQDEOH LQIUDVWUXFWXUH WUDQVSRUWDWLRQ V\VWHPV DQG RYHUDOO VXVWDLQDEOH
FRPPXQLWLHV7KHSDSHUFRQFOXGHVZLWKIXUWKHUVXJJHVWLRQVIRUWKHJHQHUDOLVDWLRQRI
WKHSURFHVVDQGLWVDGDSWDWLRQGHSHQGLQJRQWKHDSSOLFDWLRQLHWUDQVSRUWDWLRQJUHHQ
VSDFHV
.H\ZRUGV'ODVHUVFDQQLQJDVEXLOWPRGHOOLQJDQGYLVXDOLVDWLRQGDWDDFTXLVLWLRQ
 ,1752'8&7,21
7KLV SDSHU IRFXVHV RQ WKH DSSOLFDWLRQ RI ' VFDQQLQJ SKRWRJUDPPHWU\ DQG GLJLWDO
PRGHOOLQJIRUWKHSXUSRVHRIGHYHORSLQJDQXUEDQVFDOHDVEXLOWPRGHOZLWKLQWKHFRQWH[W
RI DQ XUEDQ VWUDWHJLF GHYHORSPHQW SURMHFW 7KH SURMHFW ZDV IRFXVHG RQ UHVHDUFK DQG
GHYHORSPHQWLQFROODERUDWLRQZLWK$EHUGHHQ&LW\&RXQFLO$&&LWLQYROYHGFRQVXOWDWLRQ
DQG H[SORUDWLRQVZLWK$&& UHJDUGLQJ 'GDWD DFTXLVLWLRQ WKH GHYHORSPHQW RI WKH '
PRGHODQGLWVSRWHQWLDOXVHVDQGDSSOLFDWLRQVDIWHUZDUGV7KHSK\VLFDOFRQWH[WRIWKHZRUN
LVWKHFLW\RI$EHUGHHQLQ6FRWODQGZLWKDUHFRUGHGKLVWRU\GDWLQJEDFNRYHU\HDUV
7KHFRPSOH[DQGKLOO\WRSRJUDSK\RIWKHFLW\LQFOXGHVDQDUHDEHWZHHQWZRULYHUVLQWKH
QRUWKDQGVRXWKWKDWLQFRUSRUDWHVDQROGKLVWRULFWRZQDIRUPHUILVKLQJYLOODJHDQGPRVW
LPSRUWDQWO\ D YLEUDQW EXVLQHVV FRPPHUFLDO DQG KRXVLQJ FLW\ FHQWUH +RZHYHU DQG LQ
FRPPRQZLWKPDQ\WRZQVLQWKH8.DUHJHQHUDWLRQSODQZDVUHTXLUHGZLWKDIRFXVLQ

 /HFWXUHU6FRWW6XWKHUODQG6FKRRORI$UFKLWHFWXUHDQGWKH%XLOW(QYLURQPHQW5REHUW*RUGRQ8QLYHUVLW\
$EHUGHHQ8.POHRQ#UJXDFXN
 3URIHVVRU 6FRWW 6XWKHUODQG 6FKRRO RI $UFKLWHFWXUH DQG WKH %XLOW (QYLURQPHQW 5REHUW *RUGRQ
8QLYHUVLW\$EHUGHHQ8.UODLQJ#UJXDFXN
 5HVHDUFK$VVLVWDQW6FRWW6XWKHUODQG6FKRRORI$UFKLWHFWXUHDQGWKH%XLOW(QYLURQPHQW5REHUW*RUGRQ
8QLYHUVLW\$EHUGHHQ8.MZORYHGD\#UJXDFXN
 3URIHVVRU 6FRWW 6XWKHUODQG 6FKRRO RI $UFKLWHFWXUH DQG WKH %XLOW (QYLURQPHQW 5REHUW *RUGRQ
8QLYHUVLW\$EHUGHHQ8.GPFFOHDQ#UJXDFXN
 7HDP /HDGHU RI 0DVWHUSODQQLQJ 'HVLJQ DQG &RQVHUYDWLRQ 7HDP $EHUGHHQ &LW\ &RXQFLO 8.
VEHDWWLH#DEHUGHHQFLW\JRYXN
525 | Proceedings JC3, July 2017 | Heraklion, Greece
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
DWWUDFWLQJ DQG UHWDLQLQJ LQYHVWPHQW LQLWLDWLYHV IRU HFRQRPLF JURZWK $ FLW\ FHQWUH
PDVWHUSODQ ZDV GHYHORSHG WKDW LQYROYHG D PXOWLPLOOLRQ SRXQG UHJHQHUDWLRQ ZLWK 
FRPPXQLW\ EDVHG LQLWLDWLYHV  LQIUDVWUXFWXUH SURSRVDOV  HFRQRPLF RXWSXWV DQG 
HQYLURQPHQWDOGHYHORSPHQWVDFURVV WKHFLW\.H\KRXVLQJEXLOGLQJ WUDQVSRUWDWLRQDQG
SXEOLF UHDOP FRQFHUQV UDLVHG GXULQJ WKH FRQVXOWDWLRQ SURFHVV ZHUH WDNHQ LQ WR
FRQVLGHUDWLRQDV WKH FLW\ JHDUV XS IRU WKH QH[W  \HDUV DQG EH\RQG $EHUGHHQ &LW\
&RXQFLO,QDGGLWLRQWRRWKHULQLWLDWLYHVWKH$EHUGHHQ&LW\&RXQFLO$&&LGHQWLILHG
WKHQHFHVVLW\WRGHYHORSDIXOO\GHWDLOHGDVEXLOW'PRGHORIWKHFLW\FHQWUHZLWKDVWURQJ
UHVHDUFKIRFXVIRUWKDWUHDVRQWKH5REHUW*RUGRQ8QLYHUVLW\DQGWKH6FRWW6XWKHUODQG
6FKRRORI$UFKLWHFWXUHDQGWKH%XLOW(QYLURQPHQWZDVFRPPLVVLRQHGWRGHYHORSWKLVPRGHO
 85%$16&$/('$7$$&48,6,7,21
 7HFKQRORJLHV
8UEDQVFDOH'VFDQQLQJDQGGDWDDFTXLVLWLRQLVW\SLFDOO\SURGXFHGZLWK/LJKW'HWHFWLRQ
DQG5DQJLQJV\VWHPV/L'$5DQG$LUERUQH/DVHU6FDQQLQJPHWKRGV$/6LQSDUWLFXODU
WRDFKLHYHUDSLGDQGKLJKUHVROXWLRQVFDQVRIWKHDUHDVUHTXLUHG:HKUHWDO$/6
KDV EHHQ DSSOLHG IRU PDSSLQJ DQGPRQLWRULQJ IRUHVWV 6YHUGXS7K\JHVRQ HW DO 
+RORSDLQHQHWDODUFKDHRORJLFDOLQYHVWLJDWLRQV/DVDSRQDUDHWDODQGXUEDQ
HQYLURQPHQWV.LQNVHWDO;XHWDO+RZHYHUDUDQJHRIGLIILFXOWLHVRFFXUV
ZKHQDQDO\VLQJWKHFROOHFWHGGHQVH'VFDQQLQJGDWD7KHVHLVVXHVDUHW\SLFDOO\IRFXVHG
RQGDWDILOWHULQJDQGSURFHVVLQJWRJHWKHUZLWKSDWWHUQVH[WUDFWLRQ6LWKROHDQG9RVVHOPDQ
DQLVVXHWKDWEHFRPHVHYHQPRUHFKDOOHQJLQJZLWKFRPSOH[XUEDQVFHQHVGXHWRWKH
HQYLURQPHQWDOIHDWXUHVOLNHKHLJKWRIEXLOGLQJVEUHDNOLQHVEULGJHVYHJHWDWLRQHWFWKXV
SURKLELWLQJGDWDFROOHFWLRQ.LQNVHWDO
,QDGGLWLRQWR$/6IXUWKHU/L'$5V\VWHPVKDYHEHHQGHYHORSLQJLQWRDVWDQGDUGWRRO
IRU'GDWDDFTXLVLWLRQIRUFXOWXUDOKHULWDJHDQGLQIUDVWUXFWXUH7KHWHFKQRORJLHVLQWKHVH
FDVHVLQYROYH'WHUUHVWULDOODVHUVFDQQLQJ%RVFK«DQG+DDV%UHWDUHWDO(O
2PDULDQG0RVHOKLDQGKDQGKHOG'VFDQQLQJHTXLSPHQW%DUEHUDQG0LOOV
,QWKHVHFDVHV WKHFXOWXUDOKHULWDJHDSSOLFDWLRQVLQYROYHKHULWDJHSUHVHUYDWLRQDQGVLWHV
FRQVHUYDWLRQXSWRDUFKLWHFWXUDOKHULWDJHYLVXDOLVDWLRQV+DNRQHQHWDO6$ONKHGHU
HWDO /DPEHUV HWDO )XUWKHUPRUH FRQVWUXFWLRQDQG LQIUDVWUXFWXUHSURMHFWV
KDYHKLJKO\EHQHILWHGIURPWKHFROOHFWLRQDQGSURFHVVLQJRIDVEXLOW'GDWDFROOHFWLRQ
HLWKHU IRU SXUSRVHV RI FRPSDULVRQ ZLWK SODQQHG GUDZLQJV DQG LGHQWLILFDWLRQ RI
GLVFUHSDQFLHV%RVFK«HWDORUIRUPRQLWRULQJVWUXFWXUDOZRUNSURJUHVV(O2PDUL
DQG0RVHOKL&KHRNHWDO
7KHVSHFLILFSURMHFW؃VREMHFWLYHVLQFOXGHGWKHFROOHFWLRQRIKLJKO\DFFXUDWHGDWDDQGWKH
GHYHORSPHQWRIDQHTXDOO\DFFXUDWH'PRGHORIWKHFLW\FHQWUHWKDWZRXOGIHHGLQWRWKH
$EHUGHHQ&LW\&RXQFLODUFKLWHFWXUDOGDWDEDVHWKXVVXSSRUWLQJSODQQLQJGHFLVLRQVDQGDOVR
SURYLGLQJSUHFLVHXUEDQGLPHQVLRQVZKHQUHTXLUHG7KHUHIRUHWHUUHVWULDOODVHUVFDQQLQJ
7/6ZDVWKHSUHGRPLQDQWVXUYH\LQJWHFKQLTXHVXLWDEOHIRUWKHSURMHFWDV LW IDFLOLWDWHG
GDWDFDSWXUHWRDKLJKGHJUHHRIDFFXUDF\DQGFRYHUHGHQWLUHXUEDQDUHDVZLWKRXWPLVVLQJ
DQ\GDWDDVLWLVWKHFDVHZLWK$/67KHVFDQQHUXWLOLVHGIRUWKHSURMHFWZDV/HLFD3'
VFDQQHUDQGLWSURYLGHGDUDSLGDQGDFFXUDWHUHFRUGRIWKHEXLOWHQYLURQPHQWQRWRQO\LQ
UHODWLRQWREXLOGLQJVEXWDOVRZLWKDIRFXVRQPRQXPHQWVDQGODQGPDUNV7KHHQGUHVXOW
FRQVLVWHGRIDVXEVWDQWLDOSRLQWFORXGWKDWUHSUHVHQWHGWKHFROOHFWHGVFDQQHGSRLQWVZKLOH
SKRWRJUDPPHWU\PHWKRGVZHUHRYHUODSSHGWRSURYLGHVLWHVSHFLILFFRORXUGDWD WRJHWKHU
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0DULDQWKL/HRQ5LFKDUG/DLQJ-DNH/RYHGD\'DYLG0F&OHDQDQG6DQG\%HDWWLH

ZLWKDYROXPHWULFDVEXLOW%,0PRGHO7KHUHVXOWDQWSRLQWFORXGVZHUHGHQVHSUHFLVHDQG
KLJKO\DFFXUDWHKHQFHDSSURSULDWHIRUWKHVSHFLILFSURMHFW
 6SDWLDOWRROV
,WKDVEHHQDFNQRZOHGJHGWKDWVSDWLDOWRROVDOORZIRUVPRRWKHUGHFLVLRQPDNLQJHVSHFLDOO\
LQ UHODWLRQ WR WKHHIIHFWLYHQHVVRIXUEDQSODQQLQJGHFLVLRQV 7UXENDHWDO +DUULV
ILUVWLQWURGXFHGWKH3ODQQLQJ6XSSRUW6\VWHPV366WRROV%DVHGRQWKDWGLIIHUHQW
W\SHVRI WRROVKDYHEHHQGHYHORSHGDFFRUGLQJO\ WKDWFRPELQHJHRJUDSKLFDO LQIRUPDWLRQ
V\VWHPV*,6DQGGHVLJQGDWDZLWKDSSOLFDWLRQVIRUDVVHVVLQJSHUIRUPDQFHDQGGHVLJQLQJ
IRUVXVWDLQDEOHGHYHORSPHQWRUHOVHNQRZQDVJHRGHVLJQ1HZWRQHWDO*HHUWPDQ
DQG6WLOOZHOO5HVHDUFKRQWKHWRSLFLQFOXGHVDPRQJRWKHUVWRROVOLNHWKH(QYLVLRQ
6FHQDULR3ODQQHU(63DZHEEDVHG'SUHFLQFWJHRGHVLJQYLVXDOLVDWLRQDQGDVVHVVPHQW
WRRO 7UXEND HW DO  &RPPXQLW\9L] .ZDUWOHU DQG %HUQDUG  :KDW LI D
FROODERUDWLYH SODQQLQJ VXSSRUW WRRO .ORVWHUPDQ  DQG &LW\(QJLQH  $UF*,6
'HVNWRS,QDOOFDVHV*,6GDWDDUHDSSOLHGRQWKHOHYHORISUHFLQFWDQGQHLJKERXUKRRG
WRVXSSRUWGLIIHUHQWW\SHVRIDQDO\VHVDQGVFHQDULRSODQQLQJDQGWKHXVHRIWKHVHWRROVLV
IRFXVHGRQFUHDWLQJDQGFRQVLGHULQJVSHFLILFVFHQDULRVZLWKDVNHWFKLQJDQGVLPXODWLQJ
DSSURDFK
,Q DOO WKH SUHYLRXV H[DPSOHV WKH JHRGHVLJQ LV EDVHG RQ *,6 GDWD +RZHYHU *,6
LQIRUPDWLRQRIWHQLQFOXGHVLQDFFXUDFLHVWKDWFDQDIIHFWWKHTXDOLW\RIWKHSURGXFHGPRGHOV
WKXVOHDGLQJWRYLVXDOLVDWLRQVEHLQJQRWDVSUHFLVHDVH[SHFWHG7KHUHDVRQIRUWKDWEHLQJ
WKHDJHRIGDWDGLIIHUHQFHVLQWHUPVRIUHVROXWLRQVLVVXHVZLWKGDWDVFDOHHWF%HQ]HWDO
=DOGHWDO 4XLWHRIWHQGDWD IURPPXOWLSOH VRXUFHVRIWHQKDYH LVVXHVZLWK
VSDWLDOUHVROXWLRQDQGJHRJUDSKLFDOSURMHFWLRQVWKXVUHVXOWLQJLQVXEVWDQWLDOHUURUVLQSORW
ORFDWLRQV/L'$5V\VWHPVLPDJLQJLVDOVRDIIHFWHGE\DWPRVSKHULFWXUEXOHQFHDEVRUSWLRQ
DQGVFDWWHULQJHIIHFWVDQGHYHQWKRXJKVROXWLRQVKDYHEHHQSURSRVHGE\SUHYLRXVUHVHDUFK
DVLJQLILFDQWHUURULVVWLOOXQDYRLGDEOHIURPDIHZPHWHUVWRDIHZNLORPHWUHV/XDQG/L

7KHIXQGLQJFRQWH[WRIWKHZRUNZDVWKHGHYHORSPHQWRIDQDVEXLOWPRGHOXQGHUWDNHQ
LQFROODERUDWLRQEHWZHHQWKH$EHUGHHQ&LW\&RXQFLODQG5REHUW*RUGRQ8QLYHUVLW\7KH
NH\UHTXLUHPHQWRIWKHSURMHFWZDVWRSURGXFHDQDFFXUDWHPRGHORIWKHFLW\FHQWUHWKDW
ZRXOG EH EHQHILFLDO WR WKH &RXQFLO IRU SODQQLQJ SHUIRUPDQFH DQG DQDO\VLV SXUSRVHV
7KHUHIRUH QHLWKHU *,6 WHFKQRORJ\ QRU $/6 V\VWHPV ZHUH VXLWDEOH WHFKQRORJLHV DQG
PHWKRGRORJLHVIRUGHYHORSLQJWKLVSURMHFWDVKLJKO\DFFXUDWHPRGHOVZHUHUHTXLUHG)RU
WKDW UHDVRQ WHUUHVWULDO ODVHU VFDQQLQJ 7/6 ZDV WKH FKRVHQ WHFKQRORJ\ DQG D QRYHO
PHWKRGRORJ\ ZDV GHYHORSHG WR PDQDJH WKH VL]H DQG YROXPH RI WKH FROOHFWHG GDWD
DFFRUGLQJO\
 0(7+2'2/2*<$1''$7$&2//(&7,21
 :RUNIORZ
7KH$EHUGHHQ&LW\PRGHOFUHDWLRQUHTXLUHGWRLQLWLDWHZLWKWKHLGHQWLILFDWLRQRIWKHDUHDV
WKDWZRXOGFRQVLVWSDUWRIWKHXUEDQUHJHQHUDWLRQSODQ2QWKDWIURQWH[WHQVLYHPHHWLQJV
ZLWKWKHORFDOFRXQFLOSUHFHGHGWRVSHFLI\WKHH[WHQGRIWKHUHTXLUHGPRGHO$IWHUZDUGVD
PHWKRGRORJLFDOSURFHVVZDVGHYHORSHGWRILWWKHVSHFLILFSURMHFWDVVXPPDUL]HGLQ)LJ
*HQHULFSURFHVVHVIRUWKHFUHDWLRQRIVHPDQWLFULFKPRGHOVZLWKLQD%,0FRQWH[WUHTXLUH
GDWDDFTXLVLWLRQVHJPHQWDWLRQDQGWKHPRGHOFUHDWLRQ+LFKULHWDO3ÅWUÅXFHDQHW
DO%DVHGRQWKHZRUNRI/DLQJHWDO3ÅWUÅXFHDQHWDODQG+LFKULHW
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
DODSURFHVVZDVGHYHORSHGWKDWLQFOXGHGLGHQWLILFDWLRQRIUHJHQHUDWLRQDUHDV'
GDWDDFTXLVLWLRQSUHSURFHVVLQJDQGUHJLVWUDWLRQFUHDWLRQRIWKHIXOODVEXLOWSRLQWFORXGV
DQG'PRGHOOLQJ7KHIROORZLQJVXEVHFWLRQVDUHGHVFULELQJWKHZRUNIORZLQJUHDWHUGHWDLO

)LJXUH$VEXLOWXUEDQPRGHOOLQJSURFHVV
 'GDWDDFTXLVLWLRQ
7KH'GDWDDFTXLVLWLRQWRRNSODFHZLWK7/6IRUWKHSXUSRVHVRIWKHVSHFLILFSURMHFWDV
GHVFULEHGLQ6HFWLRQ7KHPDSLQ)LJVKRZFDVHVWKHH[WHQGRIWKHVFDQQLQJZRUN
WHUUHVWULDOSRVLWLRQVZHUHUHTXLUHGRQ WKH URDGOHYHODQGSRVLWLRQVRQDKLJKHU OHYHO
IURPWKHWRSRIODQGPDUNEXLOGLQJVVFDWWHUHGZLWKLQWKHFLW\FHQWUHDSURFHVVWKDWUHTXLUHG
WZRWRWKUHHPRQWKVRIGDWDFROOHFWLRQ
)LJXUH$EHUGHHQ&LW\&HQWUHDVEXLOWSRLQWFORXG

)LJXUH'SRLQWFORXGVHFWLRQRISDUWRIWKHFLW\FHQWUH
XQGHUJURXQGWXQQHOVDUHYLVLEOH
7KHVH SRVLWLRQVZHUH GHSHQGHG RQ WKH76/ HTXLSPHQW DFFXUDF\ DQG LQ WKLV FDVH LW
LQYROYHG FRQVHTXHQW VFDQQLQJ SRVLWLRQV ZLWK D GLVWDQFH RI OHVV WKDQ  PHWHUV
)XUWKHUPRUHDQGGXHWRWKHFRPSOH[DQGKLOO\WRSRJUDSK\RI$EHUGHHQIXUWKHUSRVLWLRQV
ZHUHQHFHVVDU\WRFDSWXUHWKHGLIIHUHQWOHYHOVFRPSOH[LW\DVSUHVHQWHGLQ)LJ7KH7/6
V\VWHPZDVDOVRUHFRUGLQJ+'5SKRWRJUDPPHWU\GDWDWKDWZHUHRYHUODLGRQWRSRIWKH
SRLQWFORXGVWKXVSURYLGLQJUHDOOLIHLPDJLQJ
ƌĞĂƐ
ŝĚĞŶƚŝĨŝĐĂƚŝŽŶ
ϯĚĂƚĂ
ĂĐƋƵŝƐŝƚŝŽŶ
ϯĚĂƚĂƉƌĞͲ
ƉƌŽĐĞƐƐŝŶŐ
ϯĚĂƚĂ
ƌĞŐŝƐƚƌĂƚŝŽŶ
ƐͲďƵŝůƚ
ƉŽŝŶƚĐůŽƵĚƐ ƐͲďƵŝůƚ/D

DĂƐƚĞƌƉůĂŶ
dĞƌƌĞƐƚƌŝĂů
>ĂƐĞƌ^ĐĂŶŶŝŶŐ
EŽŝƐĞĨŝůƚĞƌŝŶŐ͕
ǀŽǆĞůŝƐĂƚŝŽŶ DŽĚĞůůŝŶŐǁŽƌŬ
528 | Proceedings JC3, July 2017 | Heraklion, Greece
0DULDQWKL/HRQ5LFKDUG/DLQJ-DNH/RYHGD\'DYLG0F&OHDQDQG6DQG\%HDWWLH

 'GDWDSUHSURFHVVLQJ
7KLVSDUWLQYROYHGVHFXULQJWKHDFFXUDF\RIWKHFROOHFWHGGDWDE\UHGXFLQJWKHQRLVHRI'
VFDQQHG SRLQWV WKDW ZHUH GLVWRUWLQJ WKH EXLOW HQYLURQPHQW SRLQW FORXG GDWD LQFOXGLQJ
WUDIILFYHJHWDWLRQSHGHVWULDQVDQGVHDJXOOV,QSUHYLRXVUHVHDUFKDVHJPHQWDWLRQRIWKH
SRLQWFORXGVLVDOVRWDNLQJSDUWDWWKLVVWDJH3RXOOLVKRZHYHUIRUWKHUHTXLUHPHQWV
RI WKLV SURMHFW RQO\ WKH QRLVH UHGXFWLRQ ZDV SHUIRUPHG DW WKLV VWDJH ZKLOH WKH
VHJPHQWDWLRQWRRNSODFHEHIRUHWKHPRGHOOLQJZRUNLQLWLDWHG,QRWKHUFDVHVYR[HOLVDWLRQ
LVUHTXLUHGIRUGRZQVDPSOLQJWKHSRLQWFORXGVZKLOHVPRRWKLQJWKHSURGXFHGRXWFRPHV
)LW]JLEERQ  &LIXHQWHV HW DO  )RU DFFXUDF\ SXUSRVHV RI WKLV SURMHFW WKH
FROOHFWHGGDWDZHUHQRWGRZQVDPSOHGDWDOOWKXVOHDGLQJWRODERULRXVGDWDDQDO\VLV
 'GDWDUHJLVWUDWLRQDQGDVEXLOWSRLQWFORXGV
2QFHWKH'GDWDZHUHSUHSURFHVVHGWKH'UHFRQVWUXFWLRQIROORZHG7KLVVWHSLQFOXGHG
FRQQHFWLQJWKH'DFTXLUHGGDWDZKLFKLVWKLVFDVHWKH\ZHUHFRPSRVHGRXWRIVFDQZRUOGV
LQWRWKHVDPHFRRUGLQDWHV\VWHP(DFKVFDQZRUOGZDVFRQQHFWHGWRLWVFRQVHFXWLYHRQH
WKURXJK D UHJLVWUDWLRQ SURFHVV DPHWKRG WKDW OHDGV WR OHVV HUURUV DQG HQWDLOV OHVV XVHU
LQYROYHPHQW0XVLDOVNLHWDO&LIXHQWHVHWDO+RZHYHUDQGGXHWRWKHVL]HRI
WKHVLWHWKLVSURFHVVZDVPRUHFRPSOH[7\SLFDOO\WKLVSURFHVVLVJXLGHGE\DSSHDUDQFH
FXHV WKHUHIRUH WKH ZKROH FLW\ FHQWUH ZDV GLYLGHG LQWR VPDOOHU DQG GLVWLQFW DUHDV IRU
FROOHFWLQJDQGFRQQHFWLQJWKHGDWD7KHWRWDOLW\RIWKHGDWDZHUHDOVRLQFRUSRUDWHGLQWRD
VLQJOHSRLQWFORXGRIWKHFLW\FHQWUHDVLOOXVWUDWHGLQ)LJ
 $VEXLOW%,0
7KHFUHDWLRQRIDIXOOJHRPHWULFPRGHO)LJRIDQXUEDQHQYLURQPHQWLVDVRSKLVWLFDWHG
SUREOHPQRWRQO\GXHWRWKHGDWDSURFHVVLQJGLIILFXOWLHVEXWPRVWLPSRUWDQWO\GXHWRWKH
KLJKQXPEHURILQIUDVWUXFWXUHHOHPHQWV3ÅWUÅXFHDQHWDO,PSRUWDQWO\DXWRPDWLF
VXUIDFHVGHWHFWLRQUHFRJQLWLRQDQGJHQHUDWLRQLVFXUUHQWO\OLPLWHGWR0	(IDFLOLWLHVZKLOH
FXUUHQWO\EHLQJGHYHORSHGIRUDUFKLWHFWXUDODQGXUEDQSXUSRVHV(GXP)RWZHHWDO

)LJXUH3RLQWFORXGGDWDDQG5HYLWPRGHOOLQJRQWRSRIWKHGHYHORSHG'
WRSRJUDSK\
$XWRPDWLF JHQHUDWLRQ RI DVEXLOW %,0 PRGHOV ZDV DSSOLHG PDLQO\ WR SURGXFH WKH
ODQGVFDSHDQGVWUHHWVFDSHRIWKHFLW\FHQWUH$IWHUZDUGVVHJPHQWVRIWKHWRWDOSRLQWFORXG
ZHUHLPSRUWHGDQGPRGHOOHGZLWKLQ5HYLW+HQFHDFRPELQDWLRQRIDXWRPDWHGSDUDPHWULF
DQGQRQSDUDPHWULFPDQXDOPRGHOOLQJSURFHVVHVZHUHFRPELQHGWRDFKLHYHWKHFRPSOHWH
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
FLW\ FHQWUH YLVXDOLVDWLRQ ZLWK OHYHO RI 'HYHORSPHQW /R'  EDVHG RQ $&&
V
UHTXLUHPHQWV
 0HWD'DWD
)ROORZLQJWKHPRGHOOLQJZRUNIORZWKHSURGXFHGSRLQWFORXGDQGWKH'XUEDQPDVVPRGHO
ZHUH LPSRUWHGZLWKLQ LQIUDVWUXFWXUH VRIWZDUH WR VXSSRUW WKH UHTXLUHPHQWV RI WKH &LW\
&RXQFLOLQWHUPVRIVXSSRUWLQJSODQQLQJGHFLVLRQVDQGSURPRWHVWDNHKROGHUV
FROODERUDWLRQ
7KHVRIWZDUHXWLOLVHGLQWKLVFDVHZDV$XWRGHVN,QIUDZRUNVWKDWDOORZVFHQWUDODQG
FORXGEDVHGPRGHOVKDULQJWKXVDOORZLQJIRUPHWDDQDO\VLVRIWKHXUEDQIDEULF:LWKLQWKH
VFRSHRIWKHVSHFLILFSURMHFWRUGLQDQFHVXUYH\GDWDDQGKLVWRULFPDSVZHUHOD\HUHGZLWK
WKHFROOHFWHGGDWDZLWKLQ$XWRGHVN,QIUDZRUNVWRGHPRQVWUDWHWKHKLVWRULFHYROXWLRQ
RI WKH FLW\ FHQWUH 0XFK RI WKH EXLOGLQJ OHYHO PRGHOOLQJ KDV EHHQ XQGHUWDNHQ XVLQJ
$XWRGHVN5HYLWZKLFKSURYLGHDEDVLVFRQVWUXFWHGRQDEXLOGLQJLQIRUPDWLRQPRGHOOLQJ
SODWIRUP DV RSSRVHG WR D SXUHO\ DHVWKHWLF PRGHO 7KHUHIRUH IURP D VRFLDOKHULWDJH
SHUVSHFWLYHWKHPRGHOSURYLGHVVFRSHWRHPEHGPHWDGDWDSHUWDLQLQJWRKLVWRULFDOFKDQJHV
LQWKHFLW\LQFOXGLQJWRSRJUDSK\RUKHULWDJHGDWDUHODWHGWRVRFLDOKLVWRU\)URPDZLGHU
SHUVSHFWLYH WKHUHLVVFRSHWRXWLOLVHWKHPRGHOZLWKLQVWDNHKROGHUHQJDJHPHQWDQGWKLV
FRXOGIRUPWKHEDVLVIRUIXUWKHUUHVHDUFKDQGPRGHOGHYHORSPHQW
 ',6&866,21$1'&21&/86,216
7KLVSURMHFWSURGXFHGDQXUEDQDVEXLOWPRGHORI$EHUGHHQ8.FLW\FHQWUH7KHDLPRI
ERWKWKHORFDOFRXQFLODQGWKHXQLYHUVLW\ZDVIRUWKLVSURMHFWWRLQLWLDWHORQJHUWHUPPRGHO
GHYHORSPHQWZKHUHWKH'GDWDZLOOEHXSGDWHGUHJXODUO\DVWKHFLW\FHQWUHHYROYHVDQG
DGDSWVIRULWVIXWXUHQHHGV7KLVXUEDQDVEXLOWPRGHOKROGVWKHSRWHQWLDOWRDXJPHQWDQG
DVVLVW LQIOXHQFH PDS EDVHG FLW\ ZLGH DQG ORFDO SODQQLQJ SUDFWLFH DQG SURYLGHV WKH
SODWIRUP IRU VWUXFWXUHG GLVFXVVLRQ DQG FROODERUDWLRQ DPRQJ ORFDO DXWKRULWLHV ORFDODQG
ZLGHUEXVLQHVVLQGXVWULHVUHVHDUFKDQGDFDGHPLD$WWKHVDPHWLPHWKLVPRGHOZLOOIRUP
D VROLG EDVLV IRU IXWXUH XUEDQ GHYHORSPHQW VLQFH LW LV FDSDEOH WR VXSSRUW D VHULHV RI
VLPXODWLRQVIRFXVHGRQWUDQVSRUWDWLRQDQGURDGGHVLJQHQYLURQPHQWDOLVVXHVLQUHODWLRQ
WRIORRGLQJJUHHQLQIUDVWUXFWXUHDQGVXVWDLQDEOHFRPPXQLWLHV)LQDOO\DQGIRUWKHSXUSRVHV
RIWKLVVSHFLILFFDVHVWXG\DPHWKRGRORJ\ZDVGHYHORSHGIRUWKHFUHDWLRQDQGPDQDJHPHQW
RI VXFK DQ H[WHQVLYH DQG GHWDLOHG XUEDQPRGHO DQG WKHUH LV FHUWDLQO\ VFRSH WR IXUWKHU
GHYHORS WKH FROOHFWLRQPDQLSXODWLQJ DQGXVH RI VFDQ GDWDZLWK WKH VFDQ GDWD LQ LWVHOI
SURYLGLQJDFRPSHOOLQJDQGFRPSUHKHQVLYHUHFRUGRIWKHFLW\RYHUWLPH
 5()(5(1&(6
$EHUGHHQ &LW\ &RXQFLO  &LW\ &HQWUH 0DVWHUSODQ
$YDLODEOHKWWSZZZDEHUGHHQFLW\JRYXNFRXQFLOBJRYHUQPHQWVKDSLQJBDEHUGHHQ&
LW\B&HQWUHB0DVWHUSODQDVS>@
$ONKHGHU 6 $OVKDZDENHK < DQG1+DDOD1 'HYHORSLQJ D GRFXPHQWDWLRQ
V\VWHP IRU GHVHUW SDODFHV LQ -RUGDQ XVLQJ ' ODVHU VFDQQLQJ DQG GLJLWDO
SKRWRJUDPPHWU\-RXUQDORI$UFKDHRORJLFDO6FLHQFH
%DUEHU ' DQG0LOOD - +LVWRULF (QJODQG ' 6FDQQLQJ IRU +HULWDJH6ZLQGRQ
(QJOLVK+HULWDJH3XEOLVKLQJ
%HQ]8&+RIPDQQ 3:LOOKDXFN*/LQJHQIHOGHU ,	+H\QHQ0  0XOWL
UHVROXWLRQ REMHFWRULHQWHG IX]]\ DQDO\VLV RI UHPRWH VHQVLQJ GDWD IRU *,6UHDG\
LQIRUPDWLRQ,6356-RXUQDORI3KRWRJUDPPHWU\DQG5HPRWH6HQVLQJ
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
%RVFK«)$KPHG07XUNDQ<+DDV&7DQG+DDV57KHYDOXHRILQWHJUDWLQJ
6FDQWR%,0 DQG 6FDQYV%,0 WHFKQLTXHV IRU FRQVWUXFWLRQ PRQLWRULQJ XVLQJ ODVHU
VFDQQLQJ DQG %,0 7KH FDVH RI F\OLQGULFDO 0(3 FRPSRQHQWV$XWRPDWLRQ LQ
&RQVWUXFWLRQ
%RVFKH ) DQG +DDV &7  $XWRPDWHG UHWULHYDO RI ' &$' PRGHO REMHFWV LQ
FRQVWUXFWLRQUDQJHLPDJHV$XWRPDWLRQLQ&RQVWUXFWLRQ
%UHWDU):DJQHU:DQG3DSDURGLWLV1$GYDQFHVLQ/L'$5GDWDSURFHVVLQJDQG
DSSOLFDWLRQV,6356-RXUQDORI3KRWRJUDPPHWU\DQG5HPRWH6HQVLQJ
&KHRN*66WRQH:&/LSPDQ55DQG:LW]JDOO&/DGDUVIRUFRQVWUXFWLRQ
DVVHVVPHQWDQGXSGDWH$XWRPDWLRQLQ&RQVWUXFWLRQ׽
&LIXHQWHV59DQGHU=DQGH')DULIWHK-6DODV&	&RSSLQ3(IIHFWVRIYR[HO
VL]HDQGVDPSOLQJVHWXSRQWKHHVWLPDWLRQRIIRUHVWFDQRS\JDSIUDFWLRQIURPWHUUHVWULDO
ODVHUVFDQQLQJGDWD$JULFXOWXUDODQG)RUHVW0HWHRURORJ\
(GXP)RWZH$.6KHSKHUG$3%URZQ$0+DUSHU$'	'LQQLV$5)DVW
DFFXUDWHDQGVSDUVHDXWRPDWLFIDFDGHUHFRQVWUXFWLRQIURPXQVWUXFWXUHGJURXQGODVHU
VFDQV$&06,**5$3+$QDKHLP&DOLIRUQLD
)LW]JLEERQ$:5REXVWUHJLVWUDWLRQRI'DQG'SRLQWVHWV,PDJHDQG9LVLRQ
&RPSXWLQJ
*HHUWPDQ66WLOOZHOO- 3ODQQLQJ6XSSRUW6\VWHPVLQ3UDFWLFH6SULQJHU9HUODJ
%HUOLQ
+DUULV%%H\RQGJHRJUDSKLFDOLQIRUPDWLRQV\VWHPVFRPSXWHUVDQGWKHSODQQLQJ
SURIHVVLRQDO-$P3ODQQ$VVRF׽
+DNRQHQ $ .XXVHOD - DQG - 2NNRQHQ  $VVHVVLQJ WKH DSSOLFDWLRQ RI ODVHU
VFDQQLQJDQG'LQVSHFWLRQLQWKHVWXG\RISUHKLVWRULFFDLUQVLWHV7KHFDVHVWXG\RI
7DKNRNDQJDV1RUWKHUQ)LQODQG-RXUQDORI$UFKDHRORJLFDO6FLHQFH5HSRUWV

+LFKUL16WHIDQL&'H/XFD/9HURQ3	+DPRQ*)URPSRLQWFORXGWRELP
D VXUYH\ RI H[LVWLQJ DSSURDFKHV,6356ȸ  ,QW $UFK 3KRWRJUDPP 5HPRWH 6HQV
6SDWLDO,QIRUPDW6FL;/:
+LQNV7&DUU+*KDULEL+DQG/DHIHU')9LVXDOLVDWLRQRIXUEDQDLUERUQH
ODVHU VFDQQLQJ GDWD ZLWK RFFOXVLRQ LPDJHV,6356 -RXUQDO RI 3KRWRJUDPPHWU\ DQG
5HPRWH6HQVLQJ
+RORSDLQHQ0.DQNDUH99DVWDUDQWD0/LDQJ;/LQ<9DDMD0<X;+\\SS¦
-+\\SS¦+.DDUWLQHQ+.XNNR$7DQKXDQS¦¦7$QG$OKR37UHH
PDSSLQJ XVLQJ DLUERUQH WHUUHVWULDO DQGPRELOH ODVHU VFDQQLQJ ׽$ FDVH VWXG\ LQ D
KHWHURJHQHRXVXUEDQIRUHVW8UEDQ)RUHVWU\	8UEDQ*UHHQLQJ
.ORVWHUPDQ5(7KH:KDWLI"&ROODERUDWLYHSODQQLQJVXSSRUWV\VWHP(QYLURQ
3ODQQ%3ODQQ'HVYROSS
.ZDUWOHU0	%HUQDUG5&RPPXQLW\9L]DQLQWHJUDWHGSODQQLQJVXSSRUWV\VWHP
3ODQQLQJ6XSSRUW6\VWHPVHGV5.%UDLO5(.ORVWHUPDQ(65,3UHVV5HGODQGV
/DLQJ5/HRQ0,VDDFV-	*HRUJLHY'6FDQWR%,0WKHGHYHORSPHQWRID
FOHDU ZRUNIORZ IRU WKH LQFRUSRUDWLRQ RI SRLQW FORXGV ZLWKLQ D %,0 HQYLURQPHQW
%XLOGLQJ,QIRUPDWLRQ0RGHOOLQJ%,0LQ'HVLJQ&RQVWUXFWLRQDQG2SHUDWLRQVHGV
/0DKGMRXEL&$%UHEELD	5/DLQJ:,73UHVV:HVVH[8.SS
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